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@ AmathodoflnhIbWng1tregrowthofav}nis,theD)\tAofth& 
vima tnotucflng the mictelo add sequence S'ACGXNNfi^ 
PyCGGTXYS', wtiore each N, X aiMt Y la tndependently. any 
ntiofeotide, and Is C or T, the nutfoto add sequence befng 
capabfe of binding to a protein encoded by ttie DMA of the vlnia, 
the protein, upon UndbHI to tlie nudelo add aaquenoe. being 
capable of oauslno the enhancement of the tranaorfption of 
DNA Of the vims, the method InohJdlng Inhibiting the pratatn 
tm binding to the nudaio add aequance to roprnaa the 
transcrfptton of DNA of aafd yinis to Inhisit the growth of the 
^nia. 
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VmAL EXPRESSION OOilBITORS 



This invention relatsa to DNA vimses. 

nipfitomavfmsett sf« a grcnjp of snraO D^U vfnisas 
that cause wails and other diseases In hun»ns and 6 
other animate. One ^e of papillomavirus is the 
bo^e papfllomavlnjs (BPV). 

The ij|M«ream rsguiatDry region (URR) that Imme- 
d^Bly preoedee the early genes of BPV contains 
br4»itantoie-«olIng regulatory s^ 10 
or^ or dRa leplfcatfon (Uisky et al^ 36 Oell S81 

(1984) ) and several promoters that function in early 
gene transcription (Sfenlund et al^ 1^ J. Mol 
Ka541 (1S85)).RaDent«tUffiBehetfeshoMnthat1he 
UBR also contains an enhancer element that can 16 
activate tFaneorlption of these promoters and of 
heterologous promotere h a manner that Is Inde- 
pendent of the ehhancer'a poeftton and orfsntatkm 
relative to the promoter it aottvatea. This enhsncer Is 
conditional h that it stimulates transcription when it 20 
Is setivatBd by a gene product of ths BPV E2 open 
reading fieme (ORF) (Spaiholz el al^ Ml 183 

(1985) ). 

According to a first aapjapt of the present 
invention thm is provided a composition for ss 
tnhfoiting the growth of a virus, the DNA of the vims 
compiiaing the nudelo add sequence G'ACGXNNN- 
^CGGnXYS'. ntfherain each N, X and Y Independ- 
ently reprssenta aiqr nucleotide, and FV represents 
O or T, the nudelo add sequence being caf)able of 90 
blndngtoa protein encoded by the DMA of the vims, 
the |]ixitein« upon binding Id the nuctdo add 
sequence, beingi capable of caudhg the enhance- 
ment of the transoilption of DNA of the vims, 
the composition oomprising a autistanoe foe InhlbK- ss 
Ing the protein from binding to the nuoldc add 
sequence to repress the transorlptlon of DNA of the 
virus to inhibit ths growth of the virus. 

in a prsfened embodiment the sut^stance com- 
prises e nudelo aoM of at least 14 base pairs that iias 40 
e 14 fcmse pair region of at least 80 percent homology 
wfth the nuddc add sequence, the nuddo add 
fragment being capable of binding to the protein and 
ttiereby prsventfrig tfie protein fnm binding to the 
nudelo add saqumce. 46 

Prafarably, the nudelo add comprises the se- 
quenoe fi'ACCXNNNPyCQGrTXY3'. wherein each of 
N« X and Y independently reprsaents ar^ nudeotlde, 
and Py represents C or T. 

It is also prsferredtfiat the nudelo add com|3f1see 60 
the sequence S^QVNNNFuQCCAVWS', wherein 
each N. V and W independently represents sny 
nudeotlde, and Pu rapreaents Q or A. 

The nudelo add preferably oompitee 200 base 
paire or ieee* 86 

Plrefsrsb(y« X repreeents 0 end Y napreeents Q, 
and It b alao prsfenred that V raprssente Q end W 
rep r esents C 

The virus b preferably a papfliomavb^ia, and the 
protein Is pralbrably a paplItomavlnia EZprcrteh. so 

A partloulaify prafair a U virus is a human papBo- 
mavlrus, or a bovine papinomayims. 

In another prefenred embodbnent the eufostanoe 



comprises a bloddng protein capalMe of binding to 
tt)e nudelo add sequence without causing an 
enhanoement of the transcription, thereby prevent- 
ing the protein encoded by the Dl^ of the vims from 
binding. 

Preferablyr ttie protein comprises an amino acid 
sequence that is sUbstantiaDy similar to the an^ 
add sequence comprising the DNA binding domain 
of an E2 protein. 

The DNA bbKOng domain la preferably located wRh 
the 1 36 amino adds of the C4Brmin8l end of an E2 
protein, more preferably within the 110 amino adda 
of the O-termlnal end of an E2 pratdn. 

It is prefen^d that the DNA btndhg domain is 
located within amino acids 10-135 of the C-teiminai 
end of an E2 protein, whensln amino add 1 fs the 
cartxncy terminal amino acid, more preferably within 
amino adds 10-110 of the Oterminsl end of an E2 
protein, vi^reln amino add 1 is the oarbo)^ tmtninal 
amino add. 

Acoordlng to a second aspect of the present 
Invention there is pro\4ded a method of InNbitlr^ the 
growth of a virus whose DNA comprises the nuddo 
add sequence 5'ACCXNNNFVCQGnXY3' wherein 
each N, X and Y is incfependently, any nucleotide, 
and Py Is C or T; the nudete add sequence being 
capable of binding to a protein encoded by the DNA 
of the vims, the protdn, upon bindng to the nudeic 
add sequence, being capable of causing the 
entianoement of the tranacrlptlon of DNA of the 
vbrue, the metfiod oompriaing inhibiting the protein 
from binding to the nucleic add sequence to repress 
the transor^itkin or DNA of the virus to InMbft ttw 
growth of the vime. 

The exprse^on. replication and growth of the 
virus is inhibited by preventing the E2 protein from 
binc^g to ttie nudeic add sequence (e^.. by 
introducing a substance that blocks ths binding) and 
preventing E2 protein mediated enhanoement of 
transcrlptfon. 

In a preferred embodiment, the method Indudes 
contacting the viral DNA with a nuddo add of at 
least 14 base pairs (and prefsrai>Iy less than 200 
base pairs) that lias a 14 base pair region of at leest 
80 percent homology (exdudiiig N, Py. X or Y) with 
the above nudeic add sequence; the nuddo add 
binds to the protein and thereby prevents the protein 
flom tHndIng to the^udeic add sequence. 

in another prafetred embodiment the m^od 
Included contacting the viral DNA with a blocking 
protdn capable of t>feiding to the rtuddo add 
sequence but does not enhance the tranourlptlon of 
the DNA of the vims, thsreby prevent the protdn 
encoded by the DNA of the vims from Uhdbtg to the 
nudefe odd eequence» Prsfsrably Ifie protein frw 
dudes an amino add sequence ttwt ie sulislantiany 
similar to the amino add sequerice that Includes the 
Df4A t>in(fing domabi of an E2 protein. Sub^andaOy 
simSar, as used her^. means that the sequenoee 
are at least SO^Vb (more preferably at least OO^Vb) 
homdogous. Prsferebfy.lhe DNAbMbig domafai is 
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located within 136 amino acUts, mora preferably, 110 
amino aolda, of the C-terminal end (tf aD E2 protein. 
The DMA binding domain is preferably located wHhln 
amino aoide 10-135, more pnerTerabty 10>110 of the 
Oterminal end of an E2 protein, where amino add t s 
Id the carbojQT terminal amino aoid. 

In a prsfemed feature, the virus le a papDlomavbrus, 
more preferably, a bovine paplDomavlrus or a human 
papOfomaWrus and preferably the protein Is an E2 
protein. fo 

In a preferred feahire the nudeio add oomprises 
an oflgomideolide oonsleting of between 14 and 200 
base pa&s, preferab^ one strand of which oontaina 
the sequence S'ACGXNNNPyCQGriXYS', wherein 
each N,X and Y Independently, any nudeotida, and is 
Py b C or T. ARernaHvely, In another prefened 
feature the nudeio add oomprises the sequence, 
3nrQ(3VNNNPuQCCAW\^, wherein each N» V and 
W is independently, any nucleotide, and Pu Is Q or A. 

Preferably XlsCandYlsaitIs also preferable 20 
thatVlsQandWIsa 

Aocorcfing to a third aspect of the prBsent 
Invention there is provided the use of a substance 
for biiilbhlng a protein from blnd^mg to a nuolelo add 
sequence to repress the transcription of DMA of the 25 
virus to Inhibit the growth of the virus. In a process 
for the preparelion of an agent fbr Inhbfting the 
growth of a vlrusi the DMA of the virus comprtebig 
the nucldc add sequence 5'ACCXNNN- 
PyCQGTXY3' wherein each N, X and Y Indqpend- . 30 
entiy rejMieaent any nucleotide and P represents C or 
T, the nudeic add sequence bdng capaUo of 
binding to a protein encoded the DMA of the virus, 
the pratdh. upon binding to the nuddb add 
sequence, being oapabfe of causing the enhance- S5 
ment of the tranecrlptlon of DMA of ttie vhue. 

Preferred features of the third aspect are as for 
the first aspect and the second aspect 

The invention provides a simple wsy to treat warts 
In humans and a variety of diseases In other animals 40 
udth compounds that are Inexpensive and easy to 
make. The binding site is present In afl known 
papiilomavbuses, and thus any disease caused by a 
papOlomavlnja can be treated according to the 
methods of the invention. Moreover, because the 46 
protein enhancer Interactton that the compounds 
block spedflo to the viruses being treated, the 
compounds should not adversely affect cdlstfiot are 
not Infected with a paplllnnavlrus. 

Other feattffBs and advsvitages of the inventton so 
wlU be apparent from the fdllawing description of the 
preferred embocfiments given by way of exainple 
only and fjrom the daims. 

The drawings wQI first briefly be described. 

Fig. 1 Is a dtagramfnatic rspresentations of ss 
theBPV-l genome and of the vector pC0E2»1. 

F|g Z is a rsstrfction endondease map of the 
enhancer region of BPV-1. 

Fig. 3 are DMA sequences that are bound by 
the E2pnDtdn of BPV-1. eo 

Fig. 4 Is a dlagrammatte representation of E2 
protelrie. 

The E2 binding sequence S'ACGXISINN- 
PyCQOTXYd', where X, N and Y are as described 
above In the statements of the Invention^ is found In 65 



ail imown papiitomavlruses. Each type of papilloma* 
vlnis, B-g., BPV-1, H(human)PV-1, HPV-6, etc., 
oontafrm a gene (tfie E2 gene) that encodes a 
protein (the E2 protein) that binds to the E2 binding 
sequence and acts as the transactlvating protein of 
the E2 enhancer. E2 proteins of tfie wtoud strains of 
papillomaviruses have dosciy homdogous amino 
add sequences. 

Refemng to Rg. 1 A, an example of a papiik>mavl- 
rus genome, the 8 kb BPV*1 genome (Dneartzed at 
the Hindin dte), is deptoted in nudeotide coordh 
nates> with the Hpal dte befrw at nudeotMe 1 . E1-8 
are the "early r^iton' (expressed In cultured cells) 
open reading frames (ORF). URR Is the upstream 
regulaiory region. 

The E2 binding site (or sequence) Is located at 
eeveral places in ^s URR and at other sites In the 
genome of BPV-1 and other papiltomaviruses. E2 
proteins bind to the binding sites and enhance the 
transortptkm of DMA. Inhibition of this binding 
represses the transcription of the DMA and thus 
inhibits vtrat growth 

There ars two prefen^ methods of inhibiting the 
t>lndlng of an E2 protdn. 

In the first preferred method, a nudeic add that 
Includes the DMA sequence of tfis E2 t>fridlng site Is 
transfen^d into cells contdnli^ the viral DMA. The 
nucldc add bindsto the E2 protein that is present h 
the papniomavbw Infected cdl, and thus prevents 
the protein from binding to ttm nudeto add 
sequence in the vird g^iome. 

In the second prefenred method, a protein that is 
oapabla of binding to the above nudeio add 
sequence but whteh does not enhance transcripfion 
is ihtroduced mto the cdls. The protebi binds to the 
sequence, thus preventing the E2 protein encoded 
by the vird DNA from binding and, accordingly* 
preventing the enhancement of transcr^on. 

The structure, method of production, and charac- 
terization of E2 proteins, E2 protein-t^dlng nuddo 
adds, and f^otelns capable of binding to nuddc 
add sequences In the E2 DNA binding site without 
enhancing transcriptkm are described next 

E2 Protdns 

The E2 gene has be^ Identified In the genomes of 
a variety of paplBomavlruses, Indudtng In human 
strains such as HPV-1, HPV-5, HPV-e, HPV-6. 
HPV-16, HPV-18, and HPV-31. The DNA sequences 
of many of the^ papillomaviruses are readily 
Bcceselble. ag.. In GenBank; the DNA sequmce tor 
BPV*1 is described in Chen at el, 7 Nature 529 
(1082). Where tt» DNA sequence of iih E2 gene is 
known, the structura of the E2 protein encoded can 
be readOy Uentlfled, and the protdn, or portion 
thereof, can be synthesized by standard methods. 

The G2 prot^ of a particular paplllQmavlrus 
whose DNA Is not sequenced can also be readily 
obtained by those skilled in the art In generd, the 
DNA of a particular papOlomavlirus is fragmented, 
and a standard ScHJtiiem Blot performed to ffrid tiie 
fragment that Is homdogous to the bdow described 
E2 gene segment of BPV-1 (or any other approprfote 
papIUoraavirus E2 gene segment). If the tagment 
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that binds to the BPV-I E2 gene segment Is targe, 
2000 base pafr8» the fraoniBnt can be flirther 
cHgested with restriction enzymes untS a smaller 
Ihigment Is Isotatsd with the ^>prop(1ate homology. 
The trsgments are st^oned into an expression 
vector, and the dones are screened to detsmilne 
which ones produce a protein that bMs to the E2 
binding sequence (see below). 

A segment of the E2 protein of BPV-1 that 
contains the DNA binding domain was produced and 
charactered as foOows. 

Rearing to Bg. 1, the ^ threa^fourlhs of the 
BPV-*1 £2 ORF was cloned Into pCO-6, an express- 
ion vector that contains the phags lambda PL 
prmotsr, and fitted to the amino terminal end of the 
lambda cH protaih, as descr&ed by Androphy et al^ 
230 3denoe442 (19IW>The Nart to BamH I fragment 
(raideotfdes (nt) 2944^(4€0) of QfV-t was Inserlttd 
mtDlhei^ /BamHI sits of pCO^ toslng the PL 
promotBT, a ribosome binding site, and 13 amino 
aolds of the phags oN IHMermlnus to tha E2 protein 
segment enoodlng* DMA. The resuMng veotor. 
pC0E2-1, dfawte the synthesis of 13 N4erminal 
amino ackls of dl IbOowed in^rama by the 297 
carboxy tenrdnaT amino adds of the BPV-1 E2 
protein (the first InHrame stop codon Is at nt 383B) 

The above done was Introduced Into an E. coll 
strain N6406 Sdenoe 442; many oth^ well- 
known strains can also be used} that contains the 
lambda d^^ts repressor of PL The bactorfa were 
grown Inlnlnlmsl medium at 32* C. Induced at 42* for 
15 mfnutes, and labeled with ^^S-methlonlne for 16 
minutes. After sequential trBstment of tfie t>acter1a 
with tysozyme and DNAase I, proteins were solu- 
billzad with 4 M urea/1mM (fithiothreltol (0TT). At 
this pdnt approximatsfy two percent of total 
bacterial protein la the 37 Idtodalton (icDa) E2 fusion 
protain segment. 

In order to produce antftuxflea toihe E2 protein 
eegment ttte 37 IcDa band was extracted from 
SDS-potfaoiyiamfde gels and used with Round's 
adjuvant to Immunize rabbfta at 3- Id 4HRmk 
Intervals. This muhed in rabbit sera aMantlbodiaa 
that recognized the E2 lUston protein segment but 
cfid not croas-react with bsctBriaOy synthesized BPV 
B6 or H-ras fusion protsins that had the same dl 
amlno4ermlnus. This result Indicates that the aam 
recognized E2 spedfto epitopes and not tfia dl 
portion of the protein. 

A band of the same mdeoular weight was also 
bvnunopredpltatad %vith antlaara rated against an 
HI synthesized peptide derived from the 
precScted BPV-1 S protdn sequence, confirming 
that the 37 icDa band was a BPV-1 E2 fusion protein 
segment 

E2 proteln-blnding DNA 

To test the ability of an E2 protein to spedttcaDy 
bind to a pspilicmavirus' DMA. a stringent DNA 
immunopredpitaOdn assay was used J. Mol. 
Bid 471 (1981); Androphy el sL. 325lfi£irr7b 
(1987)). Labeled DNA fragments are'Sit inoubatad 
with protein-enllbody compleKBS Inked to IneohM 
Sepharose beada in the praeenoe of eocoeaa un* 



labeled compedtor DNA. After the oomplexea are 
waahed several times to remove the unbound 
fragmenta, the t>ound fragments are daassodated 
and analyzed by gel electrophoresis. 

5 The foflowing is an example of the ebove da- 
scdbed assay. 

Rfty ng of the parHaOy above purHfed BPV-1 E2 
protein segment (SO^Vb by acrytamide gd analysts) 
waacfflutedwfthDiB(2DmMHEPESpH72, 150 mM 

10 KCt« aOS^Vb NP 40, 1 ml^ EDTA, 1 mM DTT, m 
aprotinin} and Incubated at 4^C wttii E2 spedflc 
andsmt Complexes were oofleoted with protein 
A-Sepharosa and washed with DIB. Alter restriction 
endonuclease digestion and end-latialing with 

IS *3P-dNTPs using the iCenow fragment of DNA 
Polymeraee 1. 20 ngof DNA were added In 0.2 ml of 
DIB containing 400 ng of unUbded pML2d (Luel^ et 
at. 283 Nature 79 (1981)). After 1 houritt37*(X the 
oorr^iixes wara peOeted and washed 4 tftnee with 

W DIB, dissociated In 1% 808 at 86"C, phend-ohlorc^- 
form extiaoted; and tha released DNA ethand 
precipitated after the addition of oarrier DNA The 
resuspended DNA was denatured and analyzed on 
standard aoryiamide sequsndng gds or on a 

S$ gradient sequencing get* 

in the Initial DNA bmding e)qMflment the fiiO 
length 8 kiiobase (Kb) BPV genome was digested 
with a combination of BamH I, hflndlD, and Sau98l 
endonudeases and then end labeled with ^P. T^no 

so ttagmentswerBspsdllcafly bound by tha 6PV-1 E2 
protain segment-antibody complexes. One fragment 
had 488 bp (nt 6858-7456), and the other Ind 233 bp 
(nt 7568-7816]. Both fragments are within the 
aegment of the URR that has enhancer acttvi^. 

SS Spedflc binding occurred over a pH range of 8.8 to 
7 A a temperatuna range from 4" to 37*0, and in 
oonoentratlons of ^s detergent NP40 from Oj05 to 
OB percent. In control experiments, no DNA binding 
was detected when pre-immune sera was used in 

40 the aaaay or when the aamedl peptide wee friked to 
the BPV E6 protein or tha~H-ras protain and the 
ass^ performed wfCh either 'Sie El anliaefa or 
antisera that reco^iize the E6 or H^tas peptides. 
Accordingly, the biming d the two Ihigmenia ia due 

48 to a sequence specific Interaction with the E2fuaicn 
protein segment the BPV E2 fuaion protein seg- 
ment also reacts spedticaity with the HIFV16 URR 
(Seedorf et ai.. 146 Virdogy 181 (1985)). with bindng 
to a singie 88 bp fragment (nt 24*112). Ndttier the 
SV40 genome nor the Haiveymudne sarcoma virus 
LTR, which both contain anhancera, possess se- 
quences that are spadficdiy reoognksd lyy the E2 
protein segment in this assay, indlcaflng tfmt DNA 
sequences racogdzed by the peptide ars not 

SS common to other enhancer dements. 

When the BPVfragmenta are ttwrmadly denatured 
prior to InoutMtion with the E2-antibody complexes, 
all of the elngie strand fragmente above ICO nt are 
bound, Mdlcatfng that the E2 protein segment binds 

60 to single stranded DNA norHapedflcally. 

Since other sequsnce spscfllo DNA blndhg 
proteins may bind DNA nonspedfloaOy whan as- 
aayed under Gondttfons d protein excess, ttw above 
exp erfa te nta were performed with low conoentra* 

as tiona of the E2 protein aegnient When mom of tlie 
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E2 protein segment waa used in the assay, two, 
addWona! binding sftes In the BPV-1 genome were 
revealed. One la (n a 219 bp Itagment that te located 
tOrther upstream fri the tiRR (nt 781&^), and the 
other Is In a 355 bp Itagment located In the E2 ORF 5 
(nt 2S04^a5Q). Thus, there are several E2 binding 
sites within the BPV genome most are located within 
the URR, ami there Is a Merarchy In the afRnfties of 
these sites for the peptide* At least cne additional 
blndbgsfte was also detected In the HPV16 genome* io 
when the c uii c entn it lon of E2 pro^ segment was* 
Increased. 

^ order to more preote^y determine the number 
andlooalbn of the high afnnl^ E2 binding 8itea,tha 
087 bp Hlndlll to Hpal (nt 6968-7046) URR ttragment 15 
was IsolatBd, and the ability of the E2 protein 
segment to recognize this segment after digestion 
with various restriction endonudeases was tested 
(Rg. 2). Three fragments of 395, 275, and 60 bp mre 
hnmunopredpitated after Fokl digestion; Ddel and Z) 
Tag I revealed two binding fragments of 317 and 70 
bp; and digestion with Hpal l and Sau96l generated 
two binding fhagments of 179 an7% base |^m. 
Since the 56, 60, and 7Q bp Itagments that were 
bound by the peptide are ntvi-ovenapping. the E2 0 
protein segment recognizes at least three high 
affinity elements In the URR, located between nt 
7a6&7408, nt 7^7683, and nt 7767-7822 (Rg. 2). 
The resuHa also demonstrate the ablQly oT the 
complexes to apedflcaily and effldentiy bind small* 30 
DNA fragments. 

The DNA aequaneea of the fragments to which the, 
peptfda bound ware compared to datonnlne If they' 
oofitaln oommon eequmwee (Rg, 3). AD of the 
Itagments thatt epecfflcally bound the £2 protein 3S 
segntent contain a similar moUf which has the 
consensus sequence of 
ACC(G)NNNPyCGQT(QC}3' (nucleotides In paren- 
theses are preiferred but not Invarlent; N can be any 
nucleotide, and Py can be C or T). Wis motif is fbund 40 
on elttier strand of the DNA, and In two Instances 
two copies are In close proodmtty to each another 
(sites l-IV In Fig. 2). Site I Is not bound In the 
HpalKSauOSI digest and Hpal l deavee the putative 
E2 racognition sequence of this ^ segments. 45 
Sequence analysis of BPV and HPV16 IndfcafBd that 
the motif Is Omlted to those segments that are 
recognized by the E2 pnsteln segment Sequences 
similar to this motif have been reported In the URRe 
of sH other paplltomavlruses that fwve been se^ eo 
quenced (Dartman et aL, 151 Virology 124 (1988)}. 
The sequences are noteliSwevar, present fan the 
other viral genomee surv^ed In a computer aearBh. 
Including 5V40, Polyoma, Bovfrie leukemia virus, and 
Moloney murine leulcemla virus. ss 

Inhibition of E2 Proteh Binding 

The ability of a 23 bp URR liragment that Includes 
the consensus sequence to Inhirtt the epeclflo 60 
binding of the BPV-1 E2 protein segment to BPV 
DNA waa examined in a compeftHh/e IhhIbltf on asmor. 
The ability of a 23 bp URR fragment that does not 
contain the consensus sequence to Inhibit the 
binding also was examined. es 



Assays were perfbrmed using 25 mg of the BFV-1 
E2 protein segment In the DNA precipitation proce- 
dure described at>ove, except that 1*1000 ng of 
competing unlabeled fragment was added to the 
labeled BPV DNA prior to its Incubation with the 
antibody-E2 complexes. The competing double- 
stranded DNA fragment contained ^er Ute se- 
quence yCGTCA AACCOTCrrCGGTQCT Cy (tt» 
E2 binding site sequence illb is underlined}, or 
6'QCQGATAATCAGCTTAATTQGnrQ3' (no E2 bind- 
ing ^ aaquance). 

The trBgment that indudea the £2 binding ^ 
eequence effectively blocked the bnmunoprec^dta* 
tlon of the BPV fragments; It wasapproodmately one 
thousand times more effective than the 23 bp 
fragment not containing the consensus sequence. 

Single stranded oligonucleotides contalnfrig the 
sequences did not block the immunopreclpltatlon of 
the double stranded BPV DNA ttagmenta 

E2 Specific DNA Binding AcUvttv In BPV 
Transformed Cells 

Protein fractions from Isolated nude! of BPV 
transformed G127 cells (iD14) and control CtS7 ceils 
were tested for the presence of specific DNA 
binding eotMty that could be inrununopredpllated fay 
the E2 antisera In the DNA branunopredpltatlon 
assay as described above. The 233 bp SauOfil BPV 
URR flragment, which contains four of the binding 
motifs, was s pec fflc alV bound and tmmunopredpl- 
tated with the ID14 extract but not with the C127 
extract The DNA fragment was frnmunopreclpitated 
bytheantJ-K sera but not by the prelmmune sera, 
indicating that the binding protein has E2 epedfic 
epitopes. 

The ImmunoprBclpItation of the 233 bp fva^nent 
was oompetlvely blocked by the 23 fc^ fragment that 
contained the E2 binding site sequence but not by 
the fragment thsrt lacked a sequence. Indicating that 
the BPV transformed cells synthesizs an E2 protein 
and that the E2 protein In BPV fransf ont»d ceOs has 
the same DNA binding spedfidty as that of tfia 
bactarlaiiy synthesized E2 protein. 

Protein Binding to E2 Bfridlhg SIta Sequence 

Referring to Rg. 4 the Di^lA binding domain of E2 
proteins^ Le^ the portton of the protein responsible 
for the DNA binding actMty. Is located In the 135 
amino acids that comprtse the C-termM segmant 
of ttte molecules (amino acid 1 b^ng the cartMxy 
tenmlnal amino aokl). In particular, the DNA bindlhg 
domain Is substant^ located between ambto adds 
10 and 110. The transcrlptton enhancement actMty 
domain of E2 prote&is te aft least In part located In the 
N-temilnai segment (the segment between amino 
add 297 and the N-termtrel amino add) of the 
molecules. 

Introducing Into a papillomavirus Infected cell a 
protein that contains the DNA binding domain of an 
E2 protein, but which does not Include the transcilp- 
tlon enhancement domain, blocks E2 protein binding 
sites without enhancing the transcrfptton of viral 
DNA Suitable btoddng protdns include (a) those 
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segments of E2 proteins oonslsdng of the DNA 
binding dom^; (b) segment (a) plus soma or alt of 
the remainder of amto adds 1-*110, or 10-110. of the 
C-terminal segment; (c) segments (a) or (b) plus 
some or aO of amino adds 110-S7 of an E2 protein: 
(d) segment (o) , plus alf or some of the smlno adds 
in the N-terminal segment of an E2 protein that are 
not responslbie tor transorlption enhancement activ- 
lly; and M any of the above ammants having 
non-EZ protein amino add eecpiences added to 
either the N or Otenninal end of the segment 
Prelinbiy; the protein doea not contain more than 
600 (mors preCaraUy 180. most prefareblsr 135) 
amino adde. 

The above aagmente oan be reaiflly eyntheelzed 
us&rig standani raoomblnant DNA taohrriquee. or 
sond phase synthesis techniques. 

To determins if a particular segment, e.g., one thai 
oonsfstB of less than amino adds 10-110 of the 
C-tannlnai segmsnt of an £2 protdn, is suitable for 
use as a tHoddng pratein. the segment Is tested 
usfrig IfiB DMA binding assay described above. If the 
aegment binds the £2 DIMA binding sequence and 
does not contain any portion of the N-terminal 
aegment of an C2 protein, it Is suitable for use as a 
bioddng protein without further screer^g because 
the fragment win not have tranecription enhance- 
ment activity. 

if the tested segment also contains part of the 
N-tennlnal segment of an E2 protein, the segment 
should be tested further, e^ accorcflng to the 
general mefhods deecrlbed Ih Spalholz et aL. supra. 
to determine if the aagmant ladm tmnsolption 
enhanoemanl aotivily. Fbr example, the Dl^ that 
enoodee the teeted eegmente le nnked 10 a auttable 
promoter, 8V40 or a ralravirBl LTR. and 
ootransfeoted into a edlable cell Hne (Sbg.. GV*1 
cdia) along with the E2 binding dte Nnked to an 
indicator gene (e^^ CAT gane). The odl One wi 
produce the segment being tested, and the segment 
wiii bind to the £2 i:^dlng site, if the eegment 
Includes the portion cf the N-terminai ES segment 
that is responsible for transcription enhancement 
activity, the GAT gene wlO be expressed, and the 
segment la not auttabtelbr useas a btoddngprotatn. 
if the segment lades trie portion of the M-termlnal EZ 
eegment that Is re^xjnsible for ttie enhancement 
acOvfty. the gene wID not be expressed, and the 
segment is suitabie for use as abloddng protein. 

A spscttic example of a bioddng protein Is ths 
BFV'I E2 protein segment desorlnd abovsL 

Use 

An oOgonudeotlde hav^ a DNA sequenoB virithin 
the above formula is able to bind to any papillomavt- 
rus E2 protsin b\ vivo. Cdls Infected with a 
papllomav&Ttt can be saturated vvith the dlgonude- 
otide to bfeid the EZ pratslh produced by that 
papOomavfrua and prevent tiia protein frcsm taterao 
ting with vtrd DNA and mhandhg viral gene 
expreeslanL resulting ki the hMbiHon of the expreaa^ 
Ion of the virus. 

The oligorHideoiicte can be provided In pharma- 
ceuticaly aoceplable media to be app Be d to regions 



Miacted by the papilloma virus, or for injection Into 
an animaL They ara espedaHy useful for application 
to a human wart The dtoonudeotidea must be at 
least 12-14 nudeotide bases In length: for external 

5 appflcafion. e.g.. to a wart the oflgonudeotldes 
should not have mora than about 200 base paire 
(more |»refBrai3ty no morof ttwi 100 base pairs, most 
preferably no mora than fiO Ixue paira). or the 
mdecules w8l not penetrate the sidn. The oligonii- 

10 cleotidesmaybeeitherfreelnsoiution,oriigBtedto 
the Di4A of a non-pathogenic virus for transfection 
Into an IntMed call Alternatfvely, a small amount 
(e^j., afcKHit 0Ll-10|ig) of an digonudeotlde prepara- 
tion (ag.. the oUgonudeotide dtadved In 1>A480 

75 and/or aaiine) may be alowed to pe netra te vM 
InfMed oeUe (e^j;. by the method daacribedln^P. 
NbL Acad. SoL 2781 (1 985)) by applying the 
preparation to an Infected region; prefierabty In the 
preparation contains EDTA to prevent nudoase 

20 aclMty. 

Peptides containing a papSlomavlrus E2 protein's 
binding domain (liut not the transcription enlnance^ 
ment domain) oan also be used to Inhibit the growth 
and expression of a papillomavirus. The peptide can 

ss be introduoed into ^M-Infected cella so that it can 
bind to theE2 DNA binding sites and prevent native 
E2 protdn from bindng. A peptide containing the 
binding dormln of any E2 protein can be used to 
treat any papOiomavfrus Infection The peptides can 

30 be dssolved bi a phannacologicaily acceptable 
buffer and appled to Infected cells. DMSO and EDTA 
oan be used to help the uptake of the peptide and to 
inhibit proteaee degradation. Aitemativdy. the pep- 
tide oan be tueed ohemloelty. or by standard genetic 

$5 engmeeilng teohdquea. to a odl spedflo receptor 
peptide^ Bjg^ epMermd growth factor, so that the 
peptide is more read^y taken up by ceOa. Further, the 
peptide may also be fused to a mideer targetfrig 
aequence (aee 7 MoL & CelL Bio. 2461 (1987); £ 

40 CeM 488 {1884)r48 Cell 575 (1986); 6 Mok a CeD. 
Bio. 4136 (1966);fl1 Nature 33 (1984)) so that the 
EZ-protdn Iracpnent ie transportad to the oell 
nucleus where it oan Inhibit viral groKtfth. Preferably, 
the peptklea are applied in the range of 1-1,000 )ig 

45 per kg animal, or at 1-1,000|ig/ml when used 
topically. 

Other embodbnents are wHh&i the foDoMrtng 
daims. 

BO 

dafane 



SS 1. A oompodBon for inhibiting the growfth of a 

virus diareoterlsed In that the DNA of tiie vims 
oomprisee the nuddc add sequence 
S'ACGXNNNPyCQOnXYS'. wherein each of N. X 
and Y independeniy repre aen ta any nudeotide, 

ao and Py independently rspreeenta C or T, the 
middc add sequence bdng capable of bind^ 
to a protdn encoded by the DNA of the vtave, 
the protein, upon bind^I to the nuddo add 
aequence, befctg capaliie of caue^ the en- 

00 hancement of the transcrtptlon of DNA of ttie 
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vlni8» 

the composttlan compiWAg a substance Ipr 
Inhibiting the protein from binding to th enucte ic 
add sequence to repress the transcription of 
DMA of the virus to fnhfbft the growth of the 6 
virus. 

2. A conr^Kisltton as otalmed In claim t 
oharaoterleed In that the substance comprises 
anucldo add of at least 14 tiass pairs that hasa 

14 base pair region of at least 80 percent 10 
homology with ths nucleic add sequence, the 
nudelo add tragment befrig capable of binding 
to the protdn and thereby preventing the 
prot^ from binding to the midete add ee- 
quenoe. '5 

3. A composition as da&ned in ctalm 2 
charaetBrlsed in that the nuddc add comprises 
the sequence ^ACCXNNNPyCGGfTXy^'. 
wherein each of N. X and Y Independent^ 
reprec^ntseny nucleotide and PyfepresentBp so 

orT. J 
4 A composition as ddmed ^ dabn e» 

charaotailsed In that the nudelo add oomprisee 

the sequence 3TQQVNNNPuaCCAVWS', 

wherein each N. V and W Is Independently, any ^ 

nudeotide and Fu ts Q or A. 
6. A composition as claimed In any one of 

clatms 2 to 5 charaoterlaed In that the middo 

add cpmpHses 2^)0 base pairs of less. 

6, A composition as dalmed fai any one of ^ 
dalms 1 to 6 dmotertoed In that the virus Is a 
papillomavirus. 

7. A composltlDn as dalmed In any one of 
dalms 1 to 6 characterised In that the protein a 

a pajrillanavln^ E2 protein. SS 

a A composition as claimed In daim 1 
Gharaoterlsed in that the substance comprises 
a blocking protein capable of binding to the 
nudelo add sequence wittiout causing ah 
enhancement of sdd trEnsGr4>tlon, thereby 40 
prevenOng the pnsteln encoded \f) the DMA of 
the virus fromblndlng. 

e. A QompodUon as cNmed In dabn 9 
characterised In t)»t the protdn comprises an 
amino add sequence that Is sUbstantlaDy 4S 
sfmllar to the amfeno add sequence oomprtetng 
the DNA binding domain of an E2 protein. 

10. A method of Inhibiting the growth of a virus, 
dmracteHsed In that the DNA of the vims 
comprises the nudeic add sequence GO 
6'ACCXNNNPyCGGTXy3'. wher^ each of N, X 

and Y independently represents any nucleotide, 
and Py represents C or T. 
the nucleic add sequence being capable of 
binding to a protein encoded 1^ the DNA of the SS 
vims, the protein, upon binding to the nudeic 
add sequence, being capable of causing the 
enlwKtement cl the transcription or DNA of the 
virus, 

the method comprising Inhibiting the protein €0 
tmtk binding the nudeic add sequence ta 
repress the transcription of DNA Of the vbfus to 
Inhibit the growth of the virus. 

11. The use of a substance for Milbitbig a 
protein firom binding to a nudeic add sequence es 



to repress the transcription of DNA of the vfrus 
to inhibit the growth of the virus. In a process 
for the preparadign of an agent for Ir^lting the 
growth of a Vims, the Dl^ of the v&us 
comprising the nuddo add sequwice 
G'ACCXNNNPyCQGlXY3' Wherein each N. X 
and Y Independently represent any nudeottde 
and P represents C or T, the nuctolc add 
sequence being capable of binding to a protdn 
encoded by ths DNA of the virus, the protein 
upon binding to the nudelo add sequence, 
being capable of causing the enhancement of 
the transcription of DNA of the vhiis. 

Cialma for the following Contracting States: GR, 
ES 

1 . A method of lrM>ltlng the growth of a Wrus 
characterised In that the DNA of the virus 
comprises the nudeks add sequence 
S'ACGXNNNPyCQQTXYS', wherefr) eachof N.X 
and Y Independently repr»Bents any nudeotide. 
and Py represantsC orT, 

the nudeic add sequence being capable of 
binding to a proteh encoded by the DNA dthe 
virus, the protein, upon binding to the nuddo 
add sequence, bdng capable of causing the 
enhancement of tfie transoription of DNA of ^e 
^ms, 

ths method comprising Inhibiting the protdn 
from binding to tfte nuddo add sequence to 
repress the transcription of DNA of the virus to 
Inhibit the growth ctf the virus. 

2. A method as claimed In claim 1, charac- 
terised in that the method comprises contact- 
ing the DNA of the vlrua with a nudelo add of at 
bast 14 liasa pairs that has a 14 base pair 
region of at least 80 percent homology wiUi thie 
nuddc add sequence, the nudeic add frag- 
ment binding to the protein and theraby 
preventing the pratebi firom binding to the 
nudelo add sequence. 

3. A method as dabned In dafm 2 eharao- 
terised In thst the nuddo add comprises the 
sequence G'ACGXNNNPyCGGnXYa'. wherein 
each N. X end Y Is. Independently, any nudeo- 
1idB,andPyisCorT. 

4. A method as claimed in dalm 2 charao- 
terissd in that the nudeic add comprises the 
sequence 3TQQVNNNPUQCCAVW5' urtiereln 
each N, V end W Is, lnd^>endemiy, any 
nudeotide, and Pu is Q or A. 

5. A method as claimed In daim 2 charBi>- 
terised In that the nuddo add comprises 200 
base pairs or less. 

6. The method Of dalm 1 . wherdn said virus Is 
a papIOomavtrus. 

7. The method of dabn l.wherdn said protdn 
is a papillomavirus E2 protein. 

8. A method as claimed In claim 1, charao 
terised in that the method comprises contact- 
big the DNA of said Virus with a blocking protdn 
capable of bImSng to the nuddo add eequence 
without causing an enhancement of the tran- 
em^stlon, thereby preventing said protein eiv- 
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ooded by the DMA of said virus from binding* 

9. Tho method of daim B. wherein said protein 
oomprteee an amino acid aequence that is 
substantlaly elmflar to the amino add sequence 
comprialng the DMA bftrulng domain of an E2 S 
proteia 

10. The use of a aubetanoe tor inhibiting a 
protafn from Undfng to a nucl^ add sequence 
Id repress the transorlptlon of DNA of the virus 
to bihibit the growth of the virus. In a process iO 
for the prsparetfon of an agent for inhibiting the 
growth of a virus, the DMA of the vims 
oompridng the nud^ sdd ssqusnce 
S'ACCXiMNNPyCQQTXYS' viAiereIn each N, X 
and Y independently represent any nucleotide is 
and P reprmnts G T, the nudelo add 
eequence being capable of binding to a protefen 
encoded by the DMA of the virue. the protdn 
upon binding to the nudeto add sequenoe, 
being capable of causing the enhanoement of SO 
the transcription of DMA of the virus. 
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VIRUS 


LOCATION 


NUCLEOTIDES 


SEQUENCE 


BPVl 


USR I 


7375-7362 


ACCG CC6 CCGGTCC 


BPVl 


DRR Ita 


7620-7633 


ACCG CCA TCGGTGC 


BPVl 


TJRR lib 


764S~7632 


ACCT ATA TCGGTGC 


BPVl 


tlRB. llla 


7760-7772 


ACCG TTG CCGGTCG 


BPVl 


URR IIIB 


7780-7793 


ACCG TCT TCGGTGC 


BPVl 


DRR IV 


7906-7893 


ACCG GTT TC66TCA 


BPVl 


E2 


3088-3101 


ACCA TGG CCGGTGC 


BPV16 


URR la 


35-A8 


ACCG AAA TCGGTTG 


IIPV16 


CBR lb 


46-33 


ACCG ATT TCGGTTA 



FIG. 3 
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